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OCEANIC SHEAR MEASUREMENTS USING THE AIRFOIL PROBE

Thomas Osborn, Institute of Oceanography
Thomas Siddon, Department of Mechanical Engineering
University of British Columbia
Vancouver 8 , Canada

ABSTRACT
work.

Vertical profiles of salinity and temperature

The major problems that had to be solved

in the ocean reveal fluctuations with length scales

were increasing the sensitivity, assuring orthogon

as small as a few mil 1imeters. These fluctuations,

ality of the channels, performing calibrations and

called microstructure by oceanographers, are the

reducing mechanical vibration of the instrument

small scale results of turbulent mixing processes.

body.
Since early 1972, numerous trials have been

It is hoped that through the study of microstruc
ture we can evaluate the relative importance of

made in British Columbia Fjords which show the tech

different sources of the turbulent energy (e.g.,

nique to be very successful.

tides, large scale internal waves, etc.) and the

of velocity structure show remarkable correlation

mechanisms for generation of the turbulence (e.g.,

with the corresponding records of temperature and

wave overturn, shear instability, etc.).

salinity variation.

Characteristic traces

Energy spectra of velocity

shear confirm that there is complete spatial resolu

There is a considerable body of evidence to
suggest that shear instability is an important

tion of the small scale structure, ensuring that

mechanism in the generation of ocean microstructure.

turbulent energy dissipation can be estimated from

Measurement of the velocity shear in the ocean is

the data.

difficult for it is necessary to profile

In summary, the present instrument provides

the

profiles to study the importance of shear instabil

fluctuations in the horizontal velocity vector with

ity in the generation of oceanic turbulence and

a vertical resolution of a few centimeters.

microstructure as well as information on local rates

After consideration of alternatives, it be
came apparent that a sensor based on the airfoil

of energy dissipation.

probe concept of Ribner and Siddon offered the

completely successful for measuring cross stream

greatest potential for making such measurements.

velocity components in view of the simple rugged

The technique employs a tiny axi-symmetric side

nature of the sensing element, linear response, in

force transducer integrated into the nose portion

variance with respect to fluid temperature, and ease

of a cylindrical probe.

of calibration.

The probe is mounted at

The airfoil probe has proven

the lower end of an instrumented pressure housing
which free falls vertically through the ocean struc
ture.

INTRODUCTION

Fluctuations in the two horizontal velocity

components are instantaneously resolved into time

Microstructure is a name applied to small scale

varying voltages by a special two-channel piezoelec
tric transducer.

This paper describes problems en

-- generally less than one meter -- fluctuations in
temperature, salinity, and velocity.

countered in preparing probes suitable for oceanic

The study of

microstructure is really the study of oceanic
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turbulence.

this approach:

Significant fluctuations in tempera

the vane is too large for adequate resolution, and

ture exist on the centimeter scale while salinity

secondly, the dynamic response of the vane is not

fluctuations extend to even smaller scales.

well understood.

Since instruments capable of continuously pro

As an example of the irregular nature of

filing temperature or salinity are recent de

tern

perature and velocity gradients with depth Figure

velopments, ocean microstructure is a compara
tively new field.

first from the description given

1 shows data collected with a freely falling instru

For a good review see Refer

ment in Howe Sound, British Columbia on December 11,

ence 2 .

1972.

The first useful instrument was the Bathyther

The figure shows temperature, its time deriv

ative, the vertical derivatives of two perpendicu

mograph (B.T.) developed by Spilhaus (14) follow

lar horizontal velocity components, and an estimate

ing work by Rossby in 1934.

of the viscous energy dissipation for 9 separate

This device had mech

anical pressure and temperature transducers and

layers 6.6 meters thick.

produced a trace of temperature versus depth by

spatial compression used in Figure 1, it is appar

scratching a smoked glass slide.

ent that fluctuations in temperature gradient have

in use today.

The B.T. is still

Even with the degree of

scales of considerably less than 1 meter.

Eventually, all-electronic instru

ments were developed capable of collecting vertical

The present paper describes a new approach to

profiles of temperature and salinity (or electri

the measurement of horizontal velocity structure.

cal conductivity).

The hydrodynamic cross-flow sensor described herein

Spatial resolution for the com

mercial models is on the order of 1 meter vertical

has proven to be highly suited to this application,

ly due to limited response time of the sensing ele

due to its compact size and simple, rugged nature.

ments and surface ship motion.

Its superior ability to resolve the fine scale veloc

This incomplete

resolution is not adequate for studies of oceanic

ity structure, down to distances of 1-2 centimeters,

microstructure.

is illustrated by the data given in Figure 2.

The mechanism which generates microstructure
is unknown at present.

This

data, which resulted from one of the first proto

Photographs of breaking

type trials of the new instrument, shows a remark

internal waves taken in the thermocline near Malta

able correlation between two components of the hori

suggest shear instability as an important source

zontal velocity and the corresponding temperature

(16).

and temperature gradient traces, for a layer only

In order to study quantitatively the role

of shear instability in generating oceanic turbu

about eight centimeters thick.

lence one must know the vertical component of the
density gradient and the vertical current shear.

ADAPTATION OF THE AIRFOIL PROBE

Techniques for measuring the vertical temperatures
and salinity profiles, and thereby estimating the

The device which produced the velocity traces

vertical density profile, are well developed (3,7).

of Figures 1 and 2 is patterned after the airfoil

Wood's technique of staining the water with dye

probe concept first suggested by Professor H. S.

and photographing its subsequent motion revealed

Ribner of the University of Toronto, Institute for

shears of 1 cm/'sec in 10 cm (.1 per sec).

Aerospace Studies.

Measuring a vertical profile of the horizontal

Working from Ribner's idea,

Siddon constructed several practical probe types

velocity with conventionalcurrent meters would pro

which ultimately led to a simple axi-symmetric con

duce data with 1-2 meter spatial resolution and

figuration as depicted in Figures 3 and 5.

t 3 cm/sec velocity resolution.

publications describe applications to turbulence

A significant im

Earlier

provement was made by Simpson (13) using a free

measurements in jets, wakes, and duct flows of both

fall instrument

liquids and gases (8,9,11,12).

with a 30 cm

neutrally bouy-

ant vane to sense variations in the horizontal
velocity.

Operating Principle

However, we foresee two problems with

The technique employs a tiny axi-symmetric side
force sensor which is exposed to an oncoming flow
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directed along the probe axis.

In the present ap

producing area is small, and may be taken as

plication the onset flow is provided by dropping
Quasi-steady values of dC^/da are assumed to

the probe vertically down into the ocean with a
uniform drop velocity, U.

Alternatively the de

apply in the limiting case where the wavelength of

vice can be towed or propelled through the medium

the approaching shear pattern (X) is much larger

to be sampled.

than the effective length of the sensor.

The probe responds in much the

For a low

same manner as a phonograph pick-up which detects

aspect ratio axi-symmetric body as employed here,

the "waviness" in a record groove.

the Munk-Jones slender body aerodynamic theory yields

the waviness in an oncoming flow.

It measures

a value for dC^/da in the range of 1 to 2, as op

If a single

spectral component of horizontal velocity struc

posed to a value of 2tt for an infinite span, flat

ture is represented by a sinusoidal shear wave of

plate airfoil (5).
When the transverse velocity fluctuations are

wavelength, X (Figure 3), a modulating side force
will be impressed on the sensor as it penetrates

small compared with the mean drop velocity (v,w<.3U),

through the transverse velocity field.

the angle of attack components can be approximated

The side

Thus ay - v/U and a^.

- w/U.

force results from a distribution of positive and

by their tangents.

negative pressures which, for an axi-symmetric body-

If the cross force components are linearly trans

of-revolution, is distributed over the first 2 to 3

duced into voltages by the piezoelectric elements,

diameters of length.

the output voltages give a direct measure of the

The force is detected by

transverse velocities:

making the probe nose-piece of a moderately flexi
ble substance (such as epoxy or another moldable
material) in which is embedded one or more piezo

ev “ Sv

ceramic bimorph beams of the type commonly employed
in phonograph cartridges.

By incorporating two bi

ew

Sw

<2 >

morph elements with an orthogonal orientation, the
The sensitivity factor Sw

two components of horizontal shear velocity v and

is typically spec-

w are simultaneously converted into time varying

ified in units such as millivolts per pbar of

voltages.

namic pressure.

Thus if a probe with S

dy

= 1 mv/pbar

falls with a velocity U of 10 cm/sec through a trans

An important feature of the airfoil probe is

verse shear profile with waviness amplitude v = 1

the fact that the components of side force fluctu
ation are 1inearly related to the transverse veloc

cm/sec, the output voltage amplitude in fresh water

ity of

will be 5 mil 1ivolts.

the flow.

This follows from the quasi-

Dynamic Limitations

steady hydrodynamic transfer relationship for any

High frequency limits - In practical operation

1ifting body (11).

the deflections of the lift-sensing nose-piece are
l -?
dci
L
= (^pU )S .-(x^) «
v,w
V2H
eff da
v,w

very'small; the element response is stiffness con

0 )

trolled.

Thus the absolute motion of the sensor is

and L are proportionv
w
al to the corresponding angle of attack fluctuations

unimportant, a desirable feature of this probe.

a

and a . The constant of proportionality involves
v
w
1 _2
the dynamic pressure of the mean motion (^pU ), an

applied bending stress up to the fundamental reson

effective reference area

applications in airflows this resonant limit can be

The force components L

cient derivative dCL/da.

The

induced electrical signals remain proportional to
ant limit of the cantilevered sensing element.

and the lift coeffi

For

made as high as 20,000 Hz, thereby suggesting the

Since the transverse

pressure loading is concentrated over the forward

possibility, at least in principle, of very wide

portion of the sensor (where the cross-sectional

band frequency response.

area is increasing rapidly) the effective lift-

the oceanic probe lies between 1 and 2 K Hz.
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The resonant frequency for
In

practice, another restriction overrides any concern

the lower end of the frequency response curve ex

about resonance.

hibits a first-order roll-off.

The sensing element is only cap

The response will

able of resolving velocity structure with wave

be 3 db down at a frequency f

lengths longer than about four times its own ef

is the transducer capacitance and R is the load re

fective length (11).

sistance seen by the transducer.

Due to the concentration of

= 1/2ttRC, where C
By close coupling

the pressure loading near the nose of the probe,

the probe to a preamplifier with high input impe

as depicted in Figure 3, this effective length

dance, this frequency limit can be made very low;

works out to be about one probe diameter, d.

Thus

for the present device the measured values of cir

the limit on resolution of fine scale structure

cuit elements give the 3 db down point at about

is given by:

.956 Hz.

The inability to resolve the d.c. velocity

(i.e., the very long-wave velocity structure) is
min

4d

(3)

actually an advantage, since at the long wave limit
the velocity information becomes ambiguious, due to

The corresponding frequency limit for a pat

sideways drifting of the freely falling body which

tern convecting with velocity, U, is:

max

U
X .
min

carries the probe (see Figure 6 ).

plete discussion of the problem of body motions see

U__
4d

Reference 12.

(4)

Probe Manufacture

Experimentally, it has been found that for fre

Probes described earlier by Siddon (10,11) em
ployed a very small sensor (d - 2.5 mm ) of rela

quencies up to fmax the response sensitivity, S^,
remains approximately constant.

For a more com

tively rigid construction, giving a sensitivity Sy

This results from

a tendency for the lift curve slope, dCL/da, to

of only about 0.1 mv/pbar.

stay at the quasi-steady value, until chord-wise

cation a reasonable drop velocity is on the order

averaging of the incident velocity pattern begins

of 40 cm/sec and the maximum transverse velocities

to occur.

can be about 4 cm/sec.

As depicted in Figure 4 and discussed

For the oceanic appli

In these conditions, follow

by Siddon (9) the uniformity of frequency response

ing Equation 2, an output of only about .8 mv could

appears to be characteristic of low aspect ratio

be expected from a probe such as Siddon 1s.

wings and axi-symmetric slender bodies.
contrast

For the oceanic application it was felt that a

By way of

higher output capability would improve the signal/

for a two-dimensional planar wing encoun

tering a sinusoidal gust, Sears showed many years

noise ratio, enabling the detection of much weaker

ago that the aerodynamic transfer function decreases

velocity fluctuations.

rapidly with increasing frequency (Figure 4 - upper

in sensitivity was achieved by increasing the sensor

curve).

diameter to 6.3 mm (giving a sixfold increase in

This occurs to a large extent because of

A substantial improvement

downwash cancellation associated with the shedding

S ^ f ) and by employing a soft urethane-based epoxy

of alternating vortices along the trailing edge.

for the probe tip.

For the slender axi-symmetric body there is no

are embedded in the probe tip at 90 degrees orienta

trailing edge.

tion, as depicted in Figure 5.

Over the first few diameters of

Two piezoceramic bimorph beams
At the time of mold

the probe the boundary layer is laminar and very

ing the sensor, the probe supporting sting is filled

thin; the flow may be regarded as an unsteady po

with the same epoxy, thereby encapsulating all elec

tential flow.

trical connections.

Furthermore the time varying nature

The output signals are fed to

of the oncoming flow seems to suppress any tendency

a two-channel low-noise preamplifier in a pressure

for flow separation at the sensor, even when the

proof housing located behind the probe sting.

turbulence intensity, v/U' or w/U, is large.

special sealing precautions, the entire probe as

With

sembly is able to operate at pressures on the order

Low Frequency Limit - Because of the inherent

of 20 atmospheres (=200 m depth).

a.c. nature of piezoelectric transducing elements,

Tests in a high

pressure chamber showed the probe to be insensitive
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Figure 6.

Schematic of Free Fall Instrument

to changes in static pressure - even sudden changes

By varying the dynamic pressure of the flow
— O

on the order of 2 atmospheres.

through the nozzle, a plot of ey versus l/2pU 0Q

The urethane epoxy finally selected has a hard
ness of 45 on the Shore A scale.

The probe sensi

yields the sensitivity factor, S .

Using mean flow

velocities on the order of 100 to 150 cm/sec, the

tivity, S , is about 4 mv/pbar, or 400 times lar

sensitivity, 5

ger than that of Siddon's probe.

accuracy of about three per cent.

The improvement

- 4mv/pbar,

was determined to an
Although the

was realized at the expense of a reduction in the

probe carrier drops at only about 40 cm/sec in the

upper resonant limit to 1 - 2 k Hz but this im

ocean, calibrations were performed at somewhat higher

poses no handicap since the spatial resolution de

velocities because the present calibrating device

generates at a frequency much below resonance.

does not operate properly when the water velocity

(For a 40 cm/sec drop velocity, the 6.3 mm probe

is too slow with respect to the tangential velocity

diameter imposes a resolution limit at about

of nozzle rotation.

f

„ - 16 Hz, according to Equation 4).

With

While Equation 1 presumably allows us to ac

v = 4 cm/sec the corresponding output voltage is

count for the water speed during calibration, it

on the order of 320 mv.

seems desirable to calibrate at a speed closer to

This compares with an

electronic noise level of less than 16y volts at

the fall speed of the instrument so a new calibrator

the output terminals of the unity gain preamplifier.

is being built.

Thus a signal/noise ratio in excess of 20,000 is

By connecting the two probe outputs to x-and y-

realized for transverse velocity amplitudes of

axes of an oscilloscope, both the phase and relative

4 cm/sec.

sensitivity of the two channels are determined from

Note however that the sensitivity and

hence the S/N ratio increases linearly with drop

a Lissajou figure (a perfect circle indicates bal

velocity, U, for a constant v according to Equation

anced channels with orthogonal spacing ).

2.

probes constructed to date the v and w channels are
Unfortunately, urethane based epoxies of the

perpendicular to + 5 degrees.

On most

In order to achieve

type used for the sensor tip deteriorate when im

this tolerance, and to ensure reproducibility of

mersed in water for extended periods of time.

the manufacturing process, the piezoelectric beams

The

present probes have a lifetime on the order of

are mounted in a special jig while the wire leads

only ten hours.

are attached and epoxy molding is done.

Current attempts to develop a more

water-resistant sensor look promising.

Vibration sensitivity - Spurious vibration of

Calibration and Response Evaluation

the probe or its supporting sting places an inertial

Velocity sensitivity and orthogonality - The

load on the piezoceramic transducers which is pro

rotating nozzle method developed by Siddon (10,11)

portional to the effective mass of the sensing ele

provides a convenient means of determining the

ment times the transverse acceleration.

velocity sensitivity, S, and checking the orthogon

the probe on a shaker table and comparing its out

ality of the two velocity channels.

The probe is

By mounting

put with that of a calibrated accelerometer, a trans

positioned at the exit plane of a round nozzle,

verse acceleration sensitivity of about 50 mv/g was

the nozzle bore being inclined at a known small

measured for driving frequencies in the range 10 -

angle, 0 , to the axis of rotation.

100 Hz.*

The nozzle is

mounted in the race of a sealed ballbearing and is

When used in the ocean the probe may be exposed

driven through a belt and pulley arrangement by a

to vibrations induced in the structure of the freely

small electric motor.

falling instrument package.

Water flow passing through

Spurious vibration sig

the nozzle is caused to swirl with a constant angle,

nals constitute an increase in the noise level for

0Q . In this way the probe experiences two sinusoid

the probe.

al fluctuating components of cross-flow (v/U = 9q

Although the actual vibration magnitudes

*With this acceleration sensitivity, a spurious sig
nal of about 1.5 mv would result from a vibration
amplitude of 0.1mm at 10 Hz. This is much less than
the expected velocity signal of about 320 mv (see
Probe Manufacture).

= w/U) which are 90 degrees out of phase.
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have not yet been measured, their effect is thought

Data Link
Free fall instruments developed at Scripps

to be insignificant over the important energy
bearing range of the microstructure spectrum.

This

Institute of Oceanography record the data internally

fact is confirmed by a comparison of spectra for

on magnetic tape and have no connection to the sur

"quiet" and "active" regions of the shear record,

face ship.

as discussed later (see Figure 10).

records internally on a paper chart recorder.

Simpson (13) uses an instrument which
Woods

(16) uses a guide wire to restrain horizontal motions

Temperature sensitivity - Although the cross
force detector is essentially insensitive to rapid

of the instrument and to telemeter the data to the

fluctuations in temperature, because of its sub

surface via inductive coupling.

Our experiments

stantial thermal inertia, the velocity sensitivity

employ a fine wire filament which "spins-off" of a

factor, S
, is found to be weakly dependent on
V jW
the ambient fluid temperature. By varying the tem

cartridge much like a fishing reel, as the body

perature of water flow through the calibration rig,

Lengths, are manufactured by Sippican Corporation.

the velocity sensitivity was found to decrease by

All data signals, except for rotation rate, are

something less than 1% per degree C.

telemetered up the insulated conductor on standard

descends.

Most of this

The cartridges, known as Expendable Wire

thermal effect is thought to be inherent to the

I.R.I.G.-FM channels.

piezoelectric sensing elements.

return line (operation in very clean lakes is dif

Nonetheless, the

The sea water is used as a

problem is not serious because of the relatively

ficult due to the poor return path).

isothermal nature of the water column (see Figure

rate is telemetered as a periodic variation in the

The rotation

1) and the possibility of correcting for minor tem

offset voltage of the wire.

perature variations later.

Instrument Housing
Initial trials of an oceanic version of the air
foil probe were conducted using a rather short,

FREE FALL EXPERIMENTS

squat housing as the probe carrier (6 ).

This hous

ing was found to be susceptible to low frequency

Instruments that are lowered by cable are sub
ject to vertical motions caused by rolling and

oscillations because of an inherent dynamic instabil

pitching of the surface vessel.

ity (f

These effects can

< 0.1 Hz).

To eliminate this difficulty a

be reduced by using accelerometers which detect

longer, more slender pressure housing was designed,

the ship motion and transmit this information to a

of the configuration shown in Figure 6 . The ends

servo-controlled winch.

of the 2.75 m by 17 cm diameter cylinder are faired

A simpler solution is to

allow the instrument housing to fall freely through

with fiberglass ellipsoids.

the water at its terminal velocity.

is 1000 meters.

This technique

Maximum operating depth

This housing is much more stable;

is now standard procedure for taking vertical pro

previous experiments with a similar but shorter tube

files that are uncontaminated by ship motions.

indicate that oscillations from vertical are less

The

drop velocity is controlled by preselecting the re

than 0.1 degree

quired combination of excess weight (weight minus

about 10 seconds when the fall speed is 45 cm/sec.

bouyant force) and drag coefficient for the body.

The upper endcap of the housing holds a radio

in amplitude and have a period of

Due to the natural increase of density with depth

transmitter, flashing light and acoustic pinger (for

the drop velocity tends to decrease; the most pro

retrieval), together with the expendable wire cart

nounced density change is concentrated in the upper

ridge.

20 meters for B.C. coastal waters and can cause a

ancillary sensors are attached to the lower end cap.

variation in U as large as 100% of the initial drop

Small vanes attached to the upper end of the housing

velocity.

Mounting fixtures for the velocity probe and

induce a rotation of approximately one minute period.

Below this level however the density

and terminal velocity remain essentially constant,

At a predetermined depth a pressure activated mech

within about 5%.

anism releases the two lead ballasting weights and
the instrument returns to the surface.

49

Electronic Instrumentation

producing a conductivity head capable of sampling

An electronics package contained within the

a small volume with sufficient sensitivity and fre

aluminum housing performs a number of functions.

quency response.

It amplifies and conditions the various sensor sig

proved sensor, similar to that described by Gregg

nals and then converts them to FM format for tele

and Cox (3) in which sea water is sucked Ihruuyh a

metry up the wire link to the ship.

small hole and the resistance of the hole is mea

Temperature - The temperature profile is sen

sured.

We are presently building an im

It is anticipated that this device will give

sed with a bead thermistor, coated with a thin

resolution of the density gradient to a scale of a

layer (.0006") of Paralene - C to insulate it from

few cm.

the sea water.

The bead has a response time of

Rotation - As mentioned earlier, the instrument

about 11 milliseconds (3 db down at 15 Hz) in water

housing is caused to rotate slowly by a number of

at 125 cm/sec, although its response capability at

vanes located at the upper end.

lower water speeds has yet to be studied.

been found desirable for a number of reasons (6 )

The

Steady rotation has

thermistor signal is amplified and also differen

but principally because it gives a reference direc

tiated with respect to time.

tion to the body at any given depth.

Thus a profile of the

The rotation

vertical component of temperature gradient, 30/3z,

is sensed by a 3000 turn coil wrapped around a per

is sent to the surface as well.

meable iron core.

The differentia

The orientation of this dynamic

tion extends to 35 Hz, higher frequencies being

compass relative to the sensing directions of the

suppressed to reduce noise.

velocity probe can be determined in the laboratory;

Velocity shear - Signals from the two-compon

thus the measured shears can be oriented in space.

ent velocity sensor are electronically differenti

The rotation signal is transmitted as a sinusoidally

ated to give the vertical components of current

varying analog voltage up the telemetry link.

shear.

The differentiation has extended only to

On the surface support vessel the rotation sig

10.6 Hz up to now, but this limit will be increased
to 25 Hz in the future.

nal is separated from the others and recorded on

A second cascaded low-pass

filter has its 3 db point at 14.5 Hz.

one channel of a Hewlett-Packard 3960 tape recorder.

No effort

The data signals are recorded in FM mode on another

was made to correct for the low frequency roll-off

channel and a constant reference frequency is re

of the probe below .056 Hz, as spectra show that

corded on a third channel.

such low frequency components do not contribute

to a set of discriminators and demodulated for real

significantly to the variance of the shear.

time display on a multi-channel paper chart recorder.

The data are also fed

Pressure - Static pressure is detected with a
vibrating wire pressure transducer attached to the
upper end cap.
nal directly.

DISCUSSION OF DATA

This transducer produces an FM sig
The information is used to determine

Temporal Representation

the depth of the instrument as a function of time

Figure 1 shows temperature, its derivative and

and thereby the fall speed.

the two shear traces as a function of depth.

Electrical conductivity - To determine the

that the scale is not the same for the two shear

density profile one needs information about the
concentration of dissolved salts in the water.

Note

traces, the upper trace corresponding to a more sen
The

sitive channel.

density is related to the temperature and the elec

seconds.

The rotation period is about 40

The data show three regions of active

trical conductivity, according to a known relation

microstructure at 102-106 m, 120-126 m, and 142-155'

ship.

m depth.

In our experiments we have been measuring

The weak shear microstructure between 100

conductivity in a direct way, i.e., by impressing

and 105 meters is associated with a local tempera

a constant voltage between two electrodes and mea

ture increase with depth, barely detectible on the

suring the voltage.

uppermost trace.

The main difficulty rests in
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In contrast, the mean temperature

decreases gradually from 120 to 125 m and the shear

points is .002 seconds.

fluctuations are larger.

of each region is 6.6 meters.

At 127 m there is a lo

Temperature spectra - Figure 8 shows frequency

calized increase in temperature with no related
enhancement of velocity shear.

The equivalent thickness

times the spectral estimate of the differentiated

The largest veloc

ity shears are associated with the region from 142

temperature signal, plotted against the logarithm

to 152 meters depth.

of frequency, for Regions 1, 7 and 8 . When plotted

The mean temperature gradi

ent in this region is one-fourth the mean gradient

in this manner equal areas contribute equally to

of the active region between 102 and 105 meters.

the variance.

The purpose of this discussion is to point out tint

limited to a frequency no greater than 15 Hz, we

there is no simple relationship between the re

must conclude from the shape of the spectra that

Since the thermistor response is

gions of gross temperature activity and those of

the instrument may not be completely resolving the

intense velocity shear although one might intui

vertical component temperature gradient.

tively expect each to be correlated with its own

tral truncation is especially probable in the case

mean property gradient.

of Region 8 (Figure 8 ) where the spectrum seems to

Sometimes there is a pro

extend furthest to the right before rolling off.

nounced similarity on an extremely localized scale,
as in Figure 2.

The spec

Velocity spectra - Spectral distributions of

In general however the actual

physics are not this simple, because of the added

velocity shear times frequency, plotted versus log

influence of salinity variations on stability.

f are given in Regions 1 and 8 . When plotted on

Gregg and Cox (3) show that temperature fluctuations

this basis equal areas represent equal amounts of

do not correspond to density fluctuations if there

energy dissipation in the velocity field.

is compensating salinity structure.

response should be uniform for frequencies below
16 Hz.

Figure 7 gives an expanded view of the region

The probe

However the signal conditioning included

between 140 and 157 m depth, shown in Figure 1.

two low pass filters with half power points at 10.6

In the active regions, values of the shear compon

Hz and 14.5 Hz.

ents are often as high as 1 sec \

sent spectra for these filters does not shift the

The resultant

Nevertheless, correcting the pre

shear vector occasionally reaches magnitudes of

spectral peak occurring at 4 Hz and does not greatly

1.8 sec

modify the variance.

which is considerably larger than the

were selected on the assumption that the drop veloc

values of about 0.1 sec ^ reported by Woods and
Fosberry (16).

(The filter characteristics

ity would be about 20 cm per sec, in which case the

In line with our earlier comments,

there is temperature microstructure both above and

probe's cut-off frequency would be 8 Hz instead of

below the 143 meter level, whereas there is a pro

16.)
Assuming the resolution of the shear is com

nounced increase in shear activity at this level.
Looking at the temperature gradient data one gets

plete, the energy dissipation can be estimated using

the impression that below 143 meters the tempera

the dissipation formula for isotropic turbulence (4):

ture trace shows a substantial increase in high
wave number content.

£ = 7.5 v (|^)2

This observation is in line

(5)

with Batchelor's description (1) of high wave num
ber scalar fluctuations being generated by the

where v is the kinematic viscosity.

straining of fluid elements arising from lower wave

lence is probably not isotropic since the ocean is

number velocity fluctuations.

stratified but that property will only serve to

Spectral Representation

modify the factor of 7.5 to a lower value, say 5 +
2.5.

The spectra discussed in this section are es

Equation

5

Oceanic turbu

was used to estimate the energy

dissipation for Regions 1-9 giving the values of e

timated from Discrete Fourier Transforms based on
8192 point samples of the differentiated records

listed in Figure 1.

(i.e., Regions 1-9).

determined from spectra of the upper shear trace.

The interval between data
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The variance of the shear was

8?”
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Figure 7.

Figure 8.

Expanded Traces for Regions 7, 8 and 9.
Data of December 11, 1972, Howe Sound,
British Columbia

Spectra of Vertical Component Tempera
ture Gradient for Regions 1, 7, 8 - Data
of Figure 1
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The peak in the spectrum for Region 8 is at

ACKNOWLEDGMENT

4.2 Hz which corresponds to a wavelength of 9.5 cm,
and a wavenumber of 0.65 cm. \

The authors wish to express their appreciation

Tenekes and Lumley

(15) state that the wavenumber corresponding to

to Mr. D. English and Mr. R. Wards of the Institute

the peak of the dissipation spectrum for isotropic

of Oceanography for their enthusiastic assistance

turbulence is given by:

with the instrument and sea trials.

This research

has been funded by the Defense Research Board of
k =

1/4

Canada and the Marine Ecology Laboratory, Bedford
Institute of Oceanography, and the Pacific Region
2

Substituting the values v = 1.4 cm /sec and k - .66

of the Marine Sciences Branch Department of the
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= 33 x 10

SYMBOLS

This value compares surprising well with the

L , L
v
w

lift force components

P

density

U

mean velocity

value 30 x 10~5 estimated from the variance of the
shear for Region 8 .
Background noise - Figure 10 shows shear spec
tra for Regions 3 and 4.

plots are not energy preserving.

effective area

Seff

Note that these log-log

1ift coefficient

Region 3 is the

quietest of the nine regions in Figure 1, while

V

aw

the adjacent Region 4 is quite active.

V

Sw

The ten

dency for the two spectra to coalesce for frequen

sensitivity coefficients
diameter

cies above about 15 Hz indicates the base line noise
max

due to probe vibrations which becomes significant
at these higher frequencies.

angle of attack

\

Below 10 Hz the spec

tral shapes suggest that the true turbulence energy

.

min

maximum frequency of spatial resolution
minimum wavelength corresponding to fmax
constant angle of calibrator nozzle

0o
E

viscous energy dissipation

bearing portion of the spectrum for the active

V

kinetic viscosity

Region 4 shows no evidence of contamination by vi

k

wavenumber

dominates the spectrum.

Certainly the variance

bration or other noise.
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Passage where Grant did his work?

Second, do you

have any plans for using two or more of these probes

Osborn:

No, I don't have any plans to use them in
It's kind of an exotic place

for a vertical probe.

We have some plans to work

in the equatorial undercurrent next year which has
a fairly high energy dissipation.
Grant

was seeing.

Nothing like

We also have some plans to try

to work at a torpedo range.

We plan to track the

body acoustically as it moves through the ocean
while getting the data from the shear probes.

The

objective is to see how much of the net displace
ment of the body is on scales that the instrument
measures.
We also have some plans to work with some people
at Woods Hole, Mass., Oceanographic Institution. They
are able to get Richardson's number profiles with
a resolution on the order of 25-50-100 meters.

They

find regions of 100 meter thickness in the ocean
which last for a few hours with a Richardson number
of the order of 1.
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